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Accomplislimeiits  under  ONR  Contract 


New  Chemical  Reacttons  within  Chieten:  For  102^2^^11* ,  (C2H4)n''’ 
[(CH3)20]u''’  clusters,  we  have  observed  new  ion-molecule  reactions  which 
do  not  occur  in  the  gas  phase.  Both  of  these  reaction  mechanisms  are 
rationalized  in  that  the  typically  unstable  intermediate,  can  exist  in  the 
stabilizing  environment  of  the  cluster  on  a  long  enough  time  scale  for  the 
reaction  to  proceed!  JJiC.  9#,  1619  (1990);  JA.C.S.  112.  3693  (1990):  C.P.  Lett 
16a  337 (1990):  C&E News  4(30190:  Accts.  ofCbem Res.  24,  48 (1991). 

Cationic  Potymezization  within  Gtusten  of  Unsatnratcd  Biolecnles:  Fbr  clusters 
of  (C2H4)ji'*’,  (C2H2F2)n‘‘"  &  a  series  of  sequential  ion-molecule 

condensation  reactions  are  observed  within  these  clusters  similar  to  the  type 
of  ionic  pol3n]ierlzation  one  observes  in  condensed  media.  These  reaction 
sequences  terminate  within  the  cluster  to  give  stable  cyclic  molecular  ions, 
identifiable  by  the  observation  of  unique  magic  numbers  in  the  mass 
spectrum.  C.P  Lett  168,  337  (1990):  J.  Phys.  Chem.  invited  paper,  submitted 
(1991). 

Novel  Photochemistry  within  Ousters  of  Metal  Hexacaihoiqds;  A  new  rlass  of 
chemical  reactions  were  discovered  which  occur  only  within  the  confines  of 
van  der  Weials  clusters  of  metal  hexacarbon^s.  generating  0x0  and  dloim 
metal  ions.  The  fact  that  this  chemistry  occurs  with  Mo  and  W  but  not  Cr  is 
explained  on  the  basis  of  orbital  size  and  overlap.  JPC  93, 5906,  (1989): 
J.IntM.S.  102, 1  (1989). 

At  Mediated  Oectron  hnpact  Ionization  within  Ai^(CH30H)g|**'  Ousters: 

Through  measurements  of  appearance  potentials,  we  observe  that  all  Ar- 
methanol  heterocluster  ions  have  the  same  appearance  potential  of  1 1.5  eV 
This  suggests  that  the  ionization  process  is  not  occurring  a  direct  ionization 
of  the  methanol  specie,  but  rather  electronic  excitation  of  the  Ar  atom  to  the 
metastable  4s  state.  Indirect  ionization  can  then  occurs  via  a  Fanning 
ionization  mechanism.  J.  Chem.  Phys.  94,  1850  (1991). 


Moltipty  Cauuged  Ammonia  Onsteri:  These  cluster  ions  consist  of  separate 
and  distinct,  singly  charged  ammonia  cations,  which  react  independent^ 
within  the  bulk  ammonia  cluster  That  is,  for  the  case  of  doubly  charged 
ammonia  clusters  we  see  three  stable  forms,  which  correspond  to  one.  both  or 
neither  of  the  two  sin^y  charged  anunonla  ions  reacting  with  the  bulk 
neutrals.  JPC  SB.  4700  (1989):  C.R  Lett  JOB,  19  (1989):  CJ?  Lett  164,  441 
(1989). 

Anomalous  CiitiGal  Sise  for  l«l’l>Uliuuroetliy]ene:  Critical  size  for  multiply 
charged  clusters  is  defined  as  the  smallest  size  for  \<dilch  the  doubty  charged 
cluster  is  observable.  Fbr  the  30-some  ^tems  observed  this  size  ranges  firom 
99  for  N2  all  the  way  down  to  21  for  S02-  We  have  discovered  that  1.1- 
difluoroethylene  clusters  exhibit  a  critical  size  of  9.  Not  only  is  this  a  new 
world  record  (two  cations  held  together  by  7  neutral  molecules!)  it  suggests 
that  this  doubly  charged  cluster  has  a  non-spherical  structure  (planes, 
chains  or  rings).  JCP  91, 1940  (1989). 

•Magic  Numben*  for  Ammonia  Glusteni:  Observation  of  ns?  being  espedalfy 
prominent  for  (NH3)nNH2’*’  leads  to  the  conclusion  that  NH2'*’  cation  reacts 
with  a  neutral  NH3  to  form  a  protonated  hydrazine  molecule.  Hie  magic 
number  is  explained  5  NH3  molecules  forming  a  full  solvent  shell  aroimd  the 
N2H5''’  cation.  Under  cold  expansion  conditions  these  magic  numbers 
disappear  suggesting  a  phase  transition  within  the  cluster  JCP  SB,  6684 
(1989):  JCP  90, 3725  (1990). 

lAMBB  Source  Generates  Tbin  Films  of  Stqrerconductors:  Our  'SmaU^-type 
source'  is  shown  to  be  capable  of  generating  hi^  quality  Cu  thin  films  (as 
characterized  SEM.  EDEX  and  ESCA  work).  By  changing  carrier  ^  in 
the  source,  we  observe  that  the  heavier  the  gas  (He  vs.  vs.  Ar  vs.  N2)  the 
slower  the  growth  rate  of  the  film  presumably  through  reduction  of  the 
temperature  of  the  plasma.  By  using  O2  as  a  carrier  gas  we  generate  100% 
CuO,  demonstrating  that  this  source  can  be  used  to  generate  in  situ  high 
temperature  molecules.  That  is.  in  the  short  duration  of  the  laser  pulse,  the 
oxygen  gas  is  complete^  dissociated  and  reacts  with  the  evaporated  Cu 
atoms  forming  a  new  molecule.  By  using  the  superconducting  YiBa2Cu307 
(123)  compound  as  the  target  rod.  rmder  the  appropriate  erqransion 
conditions  we  can  generate  films  of  the  correct  composition  and  morphology. 
as.  patent  #  4,966,887  (1990):  Mat.  Res.  Soc.  Proc.,  208,  (1991). 
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